Highly purified Hindlll restriction fragments of Xenopus laevis 5S DNA and of Psammechinus miliaris histone DNA have been covalently inserted into a derivative of phage X. This phage, genetically constructed by Murray et al. (1), contains only a single target for Hindlll in the £l gene. Viable hybrid molecules were detected as clear plaque-forming phage after transfection of E.coli, the vast majority of which were shown by hybridization to be recombinants of the desired type. The \Sam7 mutation has been introduced into one hybrid phage containing histone DNA, thereby substantially increasing the yield of recombinant DNA.
INTRODUCTION
It is widely accepted that the isolation and amplification, by molecular cloning, of defined DNA fragments will rapidly enhance our understanding of chromosome structure and gene organization. This technique (reviewed in ref. 1, 2) is essential for the biochemical investigation of unique genes, but even for those repeated genes which can be isolated by classical centrifugation techniques (3) (4) (5) , it provides individual repeat units in the amounts required for extensive analysis.
In this paper we describe the integration of highly purified 6 kilobase pair (kb) repeat units of the histone gene cluster of Psammechinus miliaris (6) , and of the more variable sized repeat units of a 5S DNA fraction from Xenopus laevis, into a derivative of phage \. In a later paper the cloning of initiator methionyl-tRNA genes from the same frog will be reported (7) .
For these experiments we have employed the \598 phage vector genetically constructed by Murray et al. (1) . This phage 4 34 (Ab538 red_BH3 imm ) contains in the cl gene of the substituted 434 imm region a single target for Hindlll, a restriction enzyme known to cut both 5S DNA and histone gene clusters once per repeat unit (8, 6) . The location of this Hindlll site makes X598 an appealing vector because viable recombinant DNA molecules yield easily identified clear plaques after ligation and transfection of E.coli, whereas merely rejoined vector molecules, 434 which are still capable of producing Ximm repressor, give rise to turbid plaques (1) . Moreover, this vector is capable of accepting DNA fragments with high efficiency, particularly if high ratios of donor to vector DNA are used in the ligase reactions. A minor disadvantage, that the DNA yield is only moderate, has been overcome by the introduction of the \Sam7 mutation (9) into one of the hybrid phages carrying a histone DNA repeat unit.
MATERIALS AND METHODS
Phage and Bacterial Strains. The X598 vector phage was the gift of K. & N.E. Murray, who also supplied E.coli 803 r~ m~ supll supIII Met and 803 r~ m rec A supll Met. E.coli C600 r.~ m~ rec B~C~ Thi~Thr~Leu was obtained from Ph.Kourilsky, K K --and E.coli lop-8 (\cl857 Sam7) from G. Weinstock.
Enzymes. Phage T4 polynucleotide ligase prepared by the method of Weiss et al. (10) was the gift of F. Rougeon. Restriction endonuclease Hindlll was prepared by an adaptation of the procedure of DeFilippes (11) to be described elsewhere (7) . One Ml of enzyme digested 5 ^g of vector DNA in 30 min at 37°C.
DNAs. PM2 DNA was the gift of T. Bickle. DNA was isolated from CsCl-purified Xphage by phenol extraction (12) .
Xenopus laevis 5S DNA was purified from erythrocyte DNA by three cycles of equilibrium centrifugation (Figure 1 ). Conditions for the first actlnomycin-CsCl gradient were the same as those used for the isolation of tDNA 1 "^ (13) . For the second gradient, pooled fractions shown by brackets in Figure la , together with similar fractions from 18 identical gradients, were mixed with an additional 0.7 mg of actinomycin C^. CsCl was added to N o = 1.3905 at 3°C in a total volume of 20ml, and the gradients d
were centrifuged for 4 days at 35,000 rpm at 3°C in a Spinco Ti60 rotor. Fractions enriched for 5S DNA were located by hybridization and the actinomycin and CsCl removed (13 Calcium-dependent transfection. Cells were prepared for transfection essentially as described by Mandel and Higa (16) . E.coli C600 r, m, rec B C~ was grown in L broth at 37°C to Plates were incubated overnight at 37°C. These experiments, and the subsequent growth of recombinant phage, were done under "Low Risk" conditions as defined in the "Summary Statement of the Asilomar Conference on Recombinant DNA Molecules" (17) . Phage growth. Clear plaques from transfection plates were picked into 1 ml of L-broth and replated on the C600 rec B C host to obtain isolated plaques. The plaque-purified phages were propagated on the 803 rec A~ strain either on plates or by growth in liquid culture. For the latter, cells were grown in L-broth at 37°C to 2 x 10 8 cells/ml and infected at a multiplicity of 1-3.
When lysis was complete (2-3hr) chloroform was added and cell debris was removed by centrifugation at 12,000xg for 10 min. Phage were then pelleted by centrifugation at 4 5,000 xg for 1 hr, treated with 10 Mg/ml DNase and RNase for 2 hr at room temperature, and finally purified by a CsCl equilibrium gradient (12) followed by a CsCl step gradient (18) .
Introduction of the \Sam7 mutation into a hybrid phage 9 containing histone DNA. Phage X £1857 Sam7 (3x10 pfu) and the o hybrid phage Ah22 (7 x 10 pfu) were mixed with 1 ml of E.coli 803 supIII cells which had been grown at 37°C in L-broth plus (19) . Electrophoresis was through 2% agarose tube gels (1 x 11 on) at 12V for 15 hr; gels were stained with ethidium bromide and photographed as described in ref. 13. are located (13) The transfection efficiency of intact \598 DNA on the C600 rec B C host was usually about 500 turbid plaques per ng, but occasionally was as much as 10-fold lower. In all cases, the incidence of spontaneous clear plaque formation was 0.1% or less. Digestion of \598 DNA with Hindlll reduced the transfection efficiency to about 1% while treatment of the digest with polynucleotide ligase restored infectivity to about 10% of the value for the intact DNA. The corresponding values were 10-fold lower on the 803 rec A strain. In addition, it was often difficult to distinguish between clear and turbid plaques on the latter host. For these reasons the C600 rec B C strain was routinely used for transfection and for plaque purification. The isolated clones were then propagated on 803 rec A cells to minimize the chance of recombination.
Addition of increasing amounts of HindiII-cleaved 5S DNA to the ligase reactions had two effects: a gradual decline in transfection efficiency and a concomitant increase in the percentage of clear plaques formed (up to 18%, sample 4 of Table 1 ). Both effects are presumably due to competition of the 5S DNA fragments for the left and right arms of the vector DNA, thus producing not only infectious recombinant molecules but also a variety of noninfectious molecules amongst which would be, for example, hybrids of two identical vector arms and one or more 5S DNA fragment. At a very high 5S DNA input, both the infectivity and the incidence of clear plaque formation were reduced (compare samples 4 and 5, Table 1 ). The high concentration of ends would strongly favour the ligation of the 5S DNA fragments into concatemers (20) which, even if inserted, might have produced molecules too long to be packaged into virus particles. Alternatively, since concatemer formation in turn reduces the concentration of ends, any fragments with one damaged end would have increasingly inhibited the reaction. A third possibility, that the 5S DNA was first ligated into linear concatemers and then circularized, is unlikely because the ligase reactions were incubated for only 30 min (at 14 C ) .
Identification of hybrid phages containing X.laevis 5S DNA. Three clear plaques were chosen at random from the transfection plates of each ligase reaction that contained 5S DNA (samples 2-5, Table 1 ). After plaque purification, plate stocks were made from each independent clone and the phage DNA recovered. When Electrophoresis was through a 1% agarose slab gel (10 x 8 x 0.3cm) at 70V for 1 hr (6) . DNA bands from each slot were denatured, transferred to nitrocellulose filters (23) , and the strips hybridized with total 9S histone mRNA (15, (1, 12) (1, 12) . 
